Objectives: Individual protection against contamination is the kind of protection provided to persons in an environment contaminated with radioactive substances, and war toxic or biological agents, including the use of gas masks, and insulating or filtration skin protection agents. The aim of this work was to perform a comparative assessment of energy expenditure of chemical troop soldiers wearing L-2 insulating personal protective clothes (PPC) and FOO-1 filter-sorptive PPC during training in the training ground conditions. Surveys on the subjective assessment of comfort related to using the L-2 and FOO-1 PPC were carried out as well. Material and Methods: A total of 29 men doing the same training tasks, wearing the L-2 PPC and FOO-1 filter-sorptive protective clothing with an MP-5 filter gas mask, underwent the examination. Measurements of energy expenditure values were done based on the frequency of heart contractions, recorded by the Polar Sport Tester 810 heart rate monitor. Results: It was found that an average energy expenditure of soldiers, resulting from performing training tasks, was lower among the subjects wearing the FOO-1 filter-sorp tive PPC, compared to the energy load of the ones using the L-2 PPC. Conclusions: According to Christensen's classification of work severity, the average energy expenditure makes it possible to qualify works performed by soldiers using both types of PPC to moderate work. In the opinion of the examined soldiers serving in the chemical troops, the FOO-1 filter-sorptive PPC increases the sense of security while on a threatened ground. The FOO-1 filter-sorptive PPC is assessed by chemical troop soldiers as better because it hinders tasks fulfillment to a lesser extent. Int J Occup Med Environ Health. 2019;32(5):645 -52
IJOMEH 2019;32(5) 646 rescue operations carried out by lifesavers from the State Fire Service in the field of chemical rescue. Individual protection against contamination is the kind of protection provided to persons in an environment contaminated with radioactive substances, and war toxic or biological agents, including the use of gas masks, and insulating or filtration skin protection agents. In order to ensure adequate protection and to maintain the continuity of operational capability, soldiers are equipped with suitable equipment protecting them against various effects of nuclear, biological and chemical (NBC) substances. Personal protective equipment against contamination provides each soldier with protection, enabling them to survive an attack of mass destruction weapons and to conduct combat operations [1] . The technical and operational parameters of individual chemical protection equipment significantly influence the possibilities and ways to carry out actions. It is desirable that the chemical protection equipment provide unlimited protection and strain the user's body to the lowest possible extent [2] . Personal NBC protective clothing which is used by the Polish Army is divided into insulation and filter-sorptive clothing. Currently, the Polish Army soldiers are equipped with 2 types of PPC, i.e., L-2 and FOO-1. The L-2 personal protective clothing creates an impermeable barrier for chemical, biological and radioactive agents [3] . It is a 1-piece light protective suit made of rubber-coated impregnated cotton fabric, khaki-colored. It is designed to protect skin against chemical and biological combat agents.
In recent years, the use of insulating clothing has been decreasing in favor of the use of filter-sorptive clothes that make it more comfortable to perform tasks under threat of contamination and in a polluted (infected) area. The FOO-1 filter-sorptive PPC, along with the MP-5 filter gas-mask, is designed to protect soldiers against chemical, biological or radioactive contamination occurring in the air, in the form of vapor, aerosols and dust. The clothing
INTRODUCTION
Due to a high level of industrialization of the modern world, man is exposed to chemical substances and dangerous preparations in the workplace in all sectors of the economy. The overriding aim of the state's activities in the field of internal security is to maintain the ability to react in the case of a wide variety of security threats, including natural disasters, other disasters, technical failures or terrorist attacks. There are many situations where workers are required to wear personal protective clothing (PPC), to protect themselves against certain primary hazards, such as heat or chemicals. However, PPC can also create ergonomic problems and there are important side effects which typically increase with the protection requirements becoming more stringent. A wide range of threats and their expected consequences have resulted in a variety of tasks imposed on the armed forces, such as the monitoring of radioactive, chemical and biological contamination in the country. Chemical troops are the kind of troops intended to fulfill these specialist tasks. Chemical weapon is an element posing general military threat in the case of armed conflicts or terrorist attacks. The following tasks are included in the chemical troops' activities in combat conditions: monitoring chemical contamination spread and carrying out sanitary treatment of soldiers, along with disinfection of their uniforms, fighting equipment, or roads. The chemical troops' tasks in crisis situations include: participating in the monitoring of exposure to chemical contamination in the case of an uncontrolled release of hazardous chemicals to the environment, or interacting with rescue units in removing the consequences of chemical accidents. Therefore, individual protection against chemical contamination is a very important and still developed issue. It acquires particular significance when there is a need to carry out actions on a polluted ground. This also concerns training and other activities performed by soldiers from chemical troops, or IJOMEH 2019;32(5) 647 The obtained results were subjected to statistical analysis using the Statistica 6 software. The statistically significant differences between the groups of subjects were determined at the significance level of ≤ 0.05.
RESULTS
The mean age of the examined soldiers was 28.5±4.5 years. The anthropometric indicator values are presented in Table 1 .
The BMI values indicated that the subjects were slightly overweight (a norm up to 24.9 kg/m 2 ). Overweight was found among 39.3% of the examined soldiers while obesity concerned 7.1% of them. The percentage fat content was normal. The minimum overweight was probably a muscle overweight. The examined soldiers performed training tasks provided by the training agenda. Training time was 8 h with a 30 min break for lunch. The energy expenditure values during the same actions carried out in the L-2 insulating protective clothing and in the FOO-1 filter-sorptive protective clothing are presented in Table 2. replaces, in air temperature above 5°C, the standard field uniform and can be worn directly on the skin or underwear.
In lower temperatures, it should be put on a tracksuit or directly on the field uniform. The NO-1 protective coat is a part of the FOO-1 filter-sorptive protective clothing. It is intended to protect soldiers against poisonous chemical weapon drops. The coat allows the soldier to leave or cross the contaminated zone and to fulfill combat tasks [4] . The aim of this work was to perform a comparative assessment of energy expenditure of chemical troop soldiers wearing the L-2 insulating PPC and the FOO-1 filter-sorptive PPC during training in the training ground conditions. Surveys on the subjective assessment of comfort related to using the L-2 and FOO-1 PPC were carried out as well.
MATERIAL AND METHODS
A total of 29 men doing the same training tasks, wearing the L-2 PPC and FOO-1 filter-sorptive protective clothing with an MP-5 filter gas mask, underwent the examination. Measurements of energy expenditure values were done based on the frequency of heart contractions, recorded by the Polar Sport Tester 810 heart rate monitor [5, 6] . The energy expenditure value was calculated on the basis of the relationship between the frequency of heart contraction and oxygen consumption. The final result of the energy expenditure value, associated with the performed activity, was an average value from a minimum of 3 measurements. In addition, the nutritional status of all the subjects was assessed using anthropometric methods. The body mass and body height, as well as the thickness of 4 selected skin folds, were determined. The body mass and body height values were the basis for the body mass index (BMI) calculation, while the thickness of skin folds was the starting point for calculating the percentage fat content and lean body mass [7] . The approval of the Bioethics Committee at the Military Institute of Hygiene and Epidemiology in Warsaw was obtained for conducting the research. protective clothing, compared with the energy load of the soldiers using the L-2 insulating protective clothing. According to Christensen's classification of work severity, the mean value of energy expenditure makes it possible to qualify the work done by the soldiers wearing both types of protective clothing to the category of moderate work [8] .
The energy expenditure examination during various training activities performed by the soldiers using both types of protective clothing was carried out as well. Energy expenditure measurements were done among 12 soldiers wearing the L-2 PPC during works related to decontamination of people, roads, cars and security posts. The energy expenditure values for the activities under examination are presented in Table 3 .
The energy expenditure values for the L-2 PPC varied from 3.43 kcal/min to 7.45 kcal/min. Works related to decontamination of people, cars and security posts, or to guard service, in accordance with Christensen's classification, should be included in the group of light works (2.5-5.0 kcal/min) [8] . Works connected with decontamination
It was found that the average energy expenditure resulting from the fulfillment of training tasks was significantly lower among the soldiers wearing the FOO-1 filter-sorptive and comparisons of various types of such clothing. The energy load of soldiers resulting from working in NBC PPC is influenced by such factors as wearing a uniform, carrying personal weapon or using a complete set of chemical protective clothing, including boots, a gas mask and gloves.
Duggan showed that performing tasks by soldiers wearing chemical protective clothing increased the energy cost, significantly shortened the time of fatigue and, due to the increased production of metabolic heat, could increase the risk of overheating [9] . The results of research conducted in 1995 by Patton showed that the oxygen uptake (VO 2 ) values were significantly higher among the soldiers who marched wearing NBC protective clothing, in comparison with those wearing standard uniforms [10] . Also, studies by Dorman et al. revealed an increased metabolic cost of the soldiers, from 2.4 to 20.9%, when walking and crossing the track in PPC, compared to performing the same activities while wearing typical uniforms. It was also shown that an increase in the metabolic rate by 2.7%/kg of the increased mass of clothing during works required a larger range of movement in PPC, which might affect the body energy load [11] . The results of another research on the burden of men working in anti-chemical protective clothing in a hot environment indicated a significant thermal load and maximum cardiovascular load, as well as intense subjective discomfort. It forced the limitation of working in this protective clothing to 12 min [12] . In addition, the results of current research on the impact of NBC clothing on the energy load of soldiers have revealed a significantly higher physiological strain index value, in relation to performing work while wearing standard uniforms, amounting to 5.3±1.4 and 2.32±0.42, respectively. It has also been shown that NBC protective clothing can cause a greater physiological load, more restrictions on performance and early exhaustion, as compared to typical military uniforms. The use of NBC protective clothing increases body tem-of ground and at the contaminated persons distribution point should be included in the group of moderate ones (5.0-7.5 kcal/min). The soldiers using the FOO-1 filter-sorptive PPC marched, decontaminated buildings or were drivers of the armored reconnaissance vehicle BRDM. Their energy expenditure values are presented in Table 3 . The amount of energy expenditure of a BRDM driver, and the works performed during building decontamination, should be included in the group of light works, while the energy expenditure value of a Star truck driver, together with marching, should be considered as moderate works.
The results of the survey on the subjective assessment of work, carried out in 2 types of protective clothing, are presented in Table 4 . Both the examined groups stated that protective clothing significantly affected their energy load and caused body temperature elevation. The duration of work in protective clothing was evaluated strongly in favor of the FOO-1 clothing. The survey results analysis has shown that the FOO-1 filter-sorptive protective clothing is seen by the soldiers as better. The provided responses suggest that working in this type of clothing causes less fatigue and provides a greater sense of security, compared to working in the L-2 insulation clothing. Based on the responses of the examined soldiers, the FOO-1 filter-sorptive protective clothing restricts movement to a lesser extent, and the duration of work in protective clothing was evaluated strongly in favor of the FOO-1 clothing.
DISCUSSION
There is not enough data on the impact of NBC personal protective clothing on the value of human energy expenditure in the available literature. The research results available in literature focus mainly on the assessment of thermal load associated with wearing personal protective clothing IJOMEH 2019;32(5) perature and reduces the individual time of tolerance and heat load [13] .
The results of energy expenditure (EE) examinations related to the performance of tasks while wearing personal protective clothing showed that the average active EE among the participants was 475±142 kcal during 2 h of exercise. Active EE was the energy spent doing the various chemical, biological, radiological and nuclear (CBRN) activities, including preparing for and concluding the activity. A rough estimate of the total daily EE was about 2420 kcal, calculated by adding an estimated active EE to an estimated resting EE (~1920 kcal) [14] .
The results of the physiological tolerance assessment of individual chemical protective clothing and equipment weighing > 35 kg in simulated extreme environmental conditions have shown that the physiological tolerance is not only affected by the external environmental factors but also by the workload. Cardiovascular stress is a factor limiting the tolerance when working in heavy multilayered PPC [15] .
CONCLUSIONS
1. The average energy expenditure of soldiers resulting from performing training tasks was lower among the subjects wearing the FOO-1 filter-sorptive protective clothing, compared to the energy load of the ones using the L-2 personal protective clothing. 2. According to Christensen's classification of work severity, the average energy expenditure makes it possible to qualify works performed by the soldiers using both types of protective clothing to moderate work. 3. In the opinion of the examined soldiers serving in the chemical troops, the FOO-1 filter-sorptive protective clothing increases the sense of security while on threatened ground. 4. The FOO-1 filter-sorptive protective clothing is assessed by the chemical troop soldiers as better because it hinders tasks fulfillment to a lesser extent.
